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1 .    INTRODUCTION 

RECURSE  is  a  lesson  written  for  the  PLATO  IV  computer 
assisted  instruction  system  at  the  University  of  Illinois..  Computer 
assisted  instruction  involves  interaction  between  a  student  and  a 
computer  to  provide  individualized  instruction  tailored  to  the  speed  and 
abilities  of  the  student.  The  PLATO  IV  system,  developed  at  the 
Compute r-Based  Education  Research  Laboratory  at  the  University  of 
Illinois,  is  a  large-scale  CAI  system  capable  of  handling  up  to  U000 
graphical  display  student  terminals  with  a  response  time  of  .2  seconds 
to  student  input.  The  estimated  cost  is  $.50  per  hour  per  user. 

The  TUTOR  language,  in  which  this  lesson  is  written,  was 
developed  for  the  PLATO  IV  system,  and  is  designed  so  that  educators 
in  any  subject  can  write  their  own  PLATO  lessons  after  minimal  training 
in  the  language  and  without  prior  programming  experience . 

This  lesson  can  be  accessed  directly  using  the  lesson  name 
"recurse"  or  accessed  through  the  lesson  "cslessons"  under  the  index 
heading  "Other  Languages  and  Language  Independent  Programming." 


2 .   PURPOSE 

RECURSE  is  intended  for  students  taking  a  first  or  second 
course  in  computer  programming.  While  some  topics  discussed  in  the 
lesson  are  from  more  advanced  work  in  computer  science,  the  student  does 
not  necessarily  need  to  have  seen  them  before  to  follow  the  discussion 
and  learn  about  the  recursion  involved.   Only  the  last  section  of  the 
lesson  requires  knowledge  of  topics  not  explained  in  this  lesson.  For 
the  last  section,  the  student  needs  to  be  familiar  with  IF  statements 
and  PROCEDURES. 

The  general  purpose  of  RECURSE  is  to  give  the  student  a  feel 
for  recursion  and  how  it  works.  The  details  of  using  recursion  in 
particular  programming  languages  are  not  covered  in  this  lesson.   Other 
lessons  are  being  developed  for  that  purpose.   In  particular,  the  lesson 
"pUrecurse"  covers  the  details  of  recursive  programming  in  PL/l.   The 
lesson  "pl2d"  teaches  a  pattern  designing  language  which  involves  the  use 
of  recursion. 

Some  current  educational  theories  advocate  stating  the  purpose 
of  a  lesson  more  precisely.  With  that  in  mind  the  following  educational 
objectives  are  proposed  for  RECURSE. 

Upon  completion  of  this  lesson,  the  student  should  be  able  to: 

(1)  State  the  two  main  properties  of  recursion. 

(2)  Recognize  the  recursive  and  nonrecursive  parts  of  a 
recursive  definition. 


(3)  Recognize  a  recurrence  relation. 

(k)     Recognize  a  binary  tree  using  the  recursive  definition 
of  a  "binary  tree . 

(5)  Construct  a  simple  BNF  recursive  definition  of  the  sort 
used  to  define  language  syntax. 

(6)  Recognize  a  recursive  procedure. 

(7)  Recognize  a  recursive  procedure  which  calls  itself 
indirectly. 

(8)  Recognize  the  advantage  of  using  recursion  rather  than 
iteration  for  certain  tasks,  in  particular  nonnumerical  tasks. 

(9)  (Optionally)  write  a  recursive  procedure  to  print  a 
string  of  characters  of  the  form  X  Y  Z  ,  where  X,  Y,  and  Z  are  empty 
or  nonempty  character  strings  and  n  is  a  nonnegative  integer. 


3-   DESCRIPTION  OF  THE  LESSON 

The  following  is  the  table  of  contents  page  from  the 
lesson  RECURSE. 

Title  Page 

1.  Special  Keys 

2 .  Special  Terms 

3-        Table  of  Contents 

k.  Introduction  to  Recursion 

a.  light  bulb  example 

b.  general  definition  of  recursion 

c .  recursively  structured  sentence  example 

5-        Recursive  Definitions 

a.  information  on  recursive  definitions 

b.  recurrence  relations—Fibonacci  numbers 

c .  binary  tree  example 

d.  language  syntax  example 

6.       Recursive  Procedures 

a.  printing  information  from  binary  trees 

b.  greatest  common  divisor  example 

c.  Recursive  _String  wRiter  exercise 

While  the  title  page  is  displayed  on  the  screen,  a  small  set 
of  special  characters  is  loaded  into  the  terminal.  After  the  characters 
have  been  loaded,  the  instruction  "Press  -NEXT-"  is  written  on  the 
screen . 


Part  1,  "Special  Keys",  reminds  the  student  of  some  of  the 
special  keys  and  their  use  in  this  lesson.  Of  particular  help  in 
skipping  over  sections  of  the  lesson  quickly  is  the  use  of  the  shift-NEXT 
and  shift-BACK  keys  in  this  lesson.   Shift-NEXT  takes  the  student  to  the 
next  major  point  in  the  lesson,  and  shift-BACK  takes  the  student  to  the 
previous  major  point  in  the  lesson.  This  provides  for  movement  through 
a  lesson  analagous  to  moving  forward  or  back  through  a  hook  by  spotting 
section  headings  in  the  text . 

The  ANS  key  is  also  explained.   The  student  may  satisfy  any 
question  asked  in  this  lesson  by  pressing  the  ANS  key.  When  the  ANS 
key  is  used,  a  short  answer  is  printed  on  the  screen  and  the  student  can 
move  on  to  the  next  material.   This  feature  permits  the  student  to  review 
a  section  without  having  to  type  in  responses  to  questions  in  that  section 
again,  or  allows  one  to  browse  through  the  lesson  without  getting  hung 
up  on  the  questions. 

Part  2,  "Special  Terms",  lists  all  the  terms  that  the  student 
can  use  in  conjunction  with  the  TERM  key.  This  list  is  analagous  to  an 
index  in  a  book.  Beside  each  term  in  the  list  is  a  short  description 
of  where  in  the  lesson  that  term  references.  The  term  that  is  used  to 
reference  each  page  in  the  lesson  is  printed  in  the  upper  right  hand 
corner  of  that  page.  The  terms  that  will  bring  the  student  back  to 
this  page  listing  the  Special  Terms  are  "term"  and  "index". 


Part  3,  "Table  of  Contents",  allows  the  student  to  select 
any  point  listed  in  the  table  of  contents  and  move  directly  to  that 
point  in  the  lesson. 

Part  k,    "introduction  to  Recursion",  is  designed  to  show  that 
recursion  occurs  in  ways  already  familiar  to  the  student.   It  starts 
with  an  animation  of  a  man  climbing  a  ladder  and  changing  a  light  bulb 
by  following  a  recursive  set  of  instructions.  Then  the  concept  of 
recursion  is  defined,  contrasted  with  iteration,  and  related  to  the 
animation.  Two  questions  are  asked  to  insure  that  the  student  gets 
the  two  main  properties  of  recursion—a  reference  to  itself  and  the 
necessity  of  a  test  to  stop  the  recursion.  Finally,  a  sentence  with  a 
recursive  structure  is  contrasted  with  a  sentence  having  an  iterative 
structure . 

Part  5,  "Recursive  Definitions",  starts  with  the  definition 
of  a  recursive  definition.  This  is  illustrated  with  the  definition  of 
factorial,  since  factorial  is  the  most  commonly  used  example  in  intro- 
ductions to  recursion  and  it  was  through  that  it  might  serve  as  another 
point  of  familiarity  for  the  student  in  this  otherwise  new  subject 
of  recursion. 

Recurrence  relations  are  then  defined  and  illustrated  with  the 
recurrence  relation  and  boundary  conditions  for  Fibonacci  numbers.  The 
student  then  identifies  the  non-recursive  part  of  the  definition  of 
numbers  and  is  asked  to  calculate  A^  in  the  sequence  of  Fibonacci  numbers 
A  "scratchpad"  workspace  is  provided  here  so  that  the  student  need  not 
have  a  pencil  and  paper  handy  to  work  out  the  answer.  A  "help"  sequence 
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is  also  provided  if  the  student  needs  additional  assistance  in  working 
with  the  recurrence  relation  for  Fibonacci  numbers . 

•Next  is  the  recursive  definition  for  a  binary  tree.  The 
definition  is  explained  and  illustrated  with  drawings.  Two  questions 
are  asked  to  check  the  student's  understanding  of  the  definition  and 
the  recursive  structure  of  a  binary  tree. 

The  last  section  under  Recursive  Definitions  defines  some  basic 
BNF  language  syntax  symbols  and  gives  a  recursive  BNF  definition  for  an 
integer.  The  student  is  then  asked  to  give  a  recursive  BNF  definition 
for  a  signed  integer  and  then  for  an  expression.  Help  sequences  are 
available  for  assistance  in  working  out  these  syntax  definitions. 

Part  6,    "Recursive  Procedures",  covers  subroutines  that  use 
recursion.  The  goal  of  the  first  section  is  to  write  a  recursive  procedure 
that  traverses  a  binary  tree  in  postorder  and  prints  out  the  contents 
of  the  nodes.   So  that  this  procedure  will  print  out  a  list  of  names  in 
alphabetical  order,  a  procedure  is  first  given  that  builds  a  tree  in 
which  all  items  in  the  left  subtree  are  alphabetically  earlier  than  the 
item  in  the  root  and  all  items  in  the  right  subtree  are  alphabetically 
later  than  the  item  in  the  root.   It  is  not  really  necessary  that  the. 
student  understand  the  exact  workings  of  this  procedure  which  builds 
the  tree  if  he  does  not  care  how  the  tree  in  the  example  was  built.  The 
lesson  and  the  student  then  reason  through  how  to  construct  the  procedure 
to  print  out  the  information  in  the  tree.  After  the  procedure  is  con- 
structed, it  is  illustrated  step  by  step  until  the  whole  tree  of  five 
names  is  printed  out. 
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The  next  section  illustrates  that  a  procedure  is  recursive 
if  it  calls  itself  indirectly,  that  is  if  procedure  A  calls  procedure  B 
which  in  turn  calls  procedure  A  again. 

The  greatest  common  divisor  example  compares  a  recursive 
procedure  and  a  nonrecursive  procedure  for  doing  the  same  task.   This 
section  explains  that  nonnumerical  tasks  are  often  more  efficient  with 
recursion  that  are  numerical  tasks. 

The  final  section  of  the  lesson  is  an  optional  exercise  in 
writing  recursive  procedures.  A  mini-language,  RSR,  is  defined.   It 
contains  five  kinds  of  statements  with  which  the  student  can  write  a 
recursive  procedure  to  print  out  character  strings  of  the  form  X  Y  Z  , 
where  X,  Y,  and  Z  are  empty  or  nonempty  character  strings  and  n  is  a 
nonnegative  integer.  With  a  few  tricks,  the  language  permits  strings 
slightly  different  from  the  above  form.   There  are  also  six  editting 
commands  for  writing,  rewriting,  and  running  the  programs.  A  help 
sequence  provides  a  couple  of  example  programs  and  some  suggestions  for 
character  strings  to  be  produced.  The  programs  are  interpretively 
executed  by  the  lesson. 

Upon  completion  of  the  lesson,  the  student  is  reminded  how 
to  return  to  any  portion  of  the  lesson  or  return  to  the  catalog  of  lessons 


k.        EVALUATION  OF  THE  LESSON 

After  the  lesson  was  first  completed,  volunteer  students 
from  the  computer  science  courses,  CS  357  and  CS  109,  took  the  lesson 
and  were  observed  by  the  author  while  so  doing  or  submitted  critiques 
afterwards.  These  observations  and  critiques  provided  many  useful 
suggestions  for  improving  the  lesson.  For  example,  the  answers  that 
these  students  gave  to  some  of  the  questions  in  the  lesson  suggested  that 
some  more  correct  answers  needed  to  be  added  to  the  lists  of  correct 
answers  in  the  judging  routines,  and  that  it  would  be  helpful  to  include 
some  wrong  answer  lists  in  the  judging  routines  together  with  comments 
as  to  why  they  were  wrong . 

The  first  approach  used  for  the  ANS  key  was  to  have  it  just 
satisfy  the  arrow  and  present  no  information  so  that  the  student  could 
not  "cheat"  and  get  the  answer  without  working  it  out  himself.  After 
observing  students  take  the  lesson,  it  was  decided  that  this  standard  of 
morality  enforced  by  the  lesson  was  not  only  unnecessary  but  also  a 
hindrance  to  achieving  the  objectives  of  the  lesson.  By  providing  the 
correct  answer  through  the  use  of  the  ANS  key,  the  student  can  be  his  own 
judge  as  to  how  many  tries  he  wants  before  he  sees  the  correct  answer. 
The  use  of  the  ANS  key  to  provide  the  correct  answer  at  each  arrow  is 
highly  recommended  to  all  authors  of  PLATO  lessons. 
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Other  suggestions  for  improvement  included  rewriting  certain 
parts  of  the  material  presented  on  the  screen  that  were  confusing  to 
read,  and  providing  help  in  certain  difficult  exercises. 

For  further  evaluation  of  the  lesson,  a  test  (see  Appendix  B) 
was  written  which  corresponds  closely  with  the  educational  objectives 
for  the  lesson.   This  ten  minute  test  could  be  taken  before  and  after 
the  studying  of  the  lesson  to  provide  some  measure  of  the  achievement  of 
the  educational  objectives. 

The  students  of  the  computer  science  course,  CS  106,  studied 
the  lesson  and  took  the  test  afterwards.  CS  106  is  an  introduction  to 
computers  for  teachers,  and  students  in  this  course  may  not  have  had  a 
strong  background  in  mathematics.  These  students  had  occasional  difficulties 
with  the  lesson,  in  particular  with  the  language  syntax  definition 
section.   Since  the  lesson  is  intended  for  people  who  want  to  learn 
computer  programming,  the  students  in  CS  106  may  have  been  an  inappropriate 
audience . 

In  an  overall  evaluation  of  the  lesson,  it  is  felt  that  the 
sections  on  language  syntax  definitions  and  on  writing  recursive  programs 
to  print  out  strings  of  characters  were  the  most  difficult.  This  lesson 
should  fit  well  as  an  introduction  to  recursion  in  a  first  course  on 
programming  after  the  topic  of  procedures  had  been  discussed. 
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APPENDIX  A 

Documentation 

Below  is  a  brief  description  of  each  of  the  units  in  the 
lesson  RECURSE .  Following  that  is  a  listing  of  the  source  code. 

Title  displays  the  title  page  and  loads  the  terminal  with  the 
special  characters  used  in  the  animations  in  the  lesson. 

Keys  presents  information  on  the  use  of  special  keys  including 
Next,  Nextl,  Back,  Backl,  Help,  Ans,  and  Term. 

Terms  lists  the  index  terms  and  the  sections  they  refer  to. 

Contents  presents  the  table  of  contents  and  permits  the  student 
to  jump  to  any  of  the  points  listed. 

Intro  is  an  animation  of  a  man  climbing  a  ladder  to  change  a 
light  bulb  following  the  instructions  given  on  several  identical  pages. 
Each  step  of  the  action  is  explained. 

Bulb  draws  the  light  bulb  for  the  animation . 

Drawman  draws  the  man  for  the  animation. 

Llegl,  llegg,  and  lleg3  draw  the  left  leg  of  the  man  in  various 
positions  for  giving  the  appearance  of  motion  to  the  man  climbing  the 
ladder  in  the  animation . 

Page  draws  the  page  of  instructions  for  the  animation. 

Climb  combines  the  drawings  of  drawman,  llegl,  lleg2,  lleg3, 
and  ladder  with  timing  delays  to  produce  the  animation  of  the  man  climbing 
up  one  step  on  the  ladder. 

Climbd  is  like  climb  but  produces  the  man  climbing  down  one 
step  on  the  ladder. 
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Ladder  draws  the  ladder . 

Recurs  presents  the  definition  of  recursion  and  relates  it 
to  the  animation  of  changing  the  light  bulb.  Two  questions  are  asked 
to  keep  the  student  involved. 

Quizl  asks  and  judges  the  answers  to  two  questions  concerning 
the  basic  definition  of  recursion. 

Sentence  presents  a  recursively  structured  sentence  and  contrasts 
it  with  an  iteratively  structured  sentence. 

Defs  gives  the  definition  of  a  recursive  definition  and  illustrates 
it  with  an  animation  that  calculates  NJ  for  N  =  h. 

Point  draws  the  arrows  in  the  Nl  animation. 

Fibo  uses  Fibonacci  numbers  as  an  illustration  of  a  recursive 
definition.   The  student  is  asked  to  calculate  the  value  of  a,-  in  the 
sequence  of  Fibonacci  numbers.   Space  is  made  available  for  doing  cal- 
culations so  that  the  student  does  not  need  a  pen  and  paper.  Another 
question  is  also  asked  which  points  out  how  the  definition  for  Fibonacci 
numbers  is  a  recursive  definition. 

Fiboh  is  a  help  sequence  for  assistance  in  calculating  a,-  in  fibo. 
5    

Tree  explains  the  recursive  definition  of  a  binary  tree. 

Quiztree  asks  and  judges  the  answers  to  two  questions  about 
binary  trees. 

Syntax  gives  the  basic  definitions  used  in  BNF  language 
syntax  definitions. 
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Syntaxl  explains  the  recursive  BNF  definition  for  an  integer. 

Syntax2  has  the  student  write  a  recursive  BNF  definition 
for  a  signed  integer. 

Sinteger  is  a  help  sequence  that  gives  a  hint  for  writing 
the  definition  wanted  in  syntax2 . 

Check  does  some  of  the  checking  of  the  definitions  the  student 
gives  in  syntax2  and  syntax3 • 

Syntax3  has  the  student  write  a  recursive  BNF  definition  for 
an  expression. 

Syn3help  is  a  help  sequence  that  gives  assistance  in  writing 
the  definition  wanted  in  syntax3 ♦ 

Procs  gives  the  definition  of  a  recursive  procedure  and 
reviews  "binary  trees. 

Drawnode  draws  a  node  of  a  "binary  tree  and  is  used  in 
procs  and  nametree . 

Procsl  explains  how  an  ordered  binary  tree  is  built  and  illustrates 
it  with  a  tree  containing  five  names. 

Nametree  draws  the  tree  with  five  names  used  in  procsl,  procs2, 
and  procs^ • 

Treeptrs  draws  the  arrows  connecting  the  nodes  in  the  tree  of 
five  names. 

Procs2  reasons  through  how  the  names  in  the  binary  tree  could 
be  printed  out  in  alphabetic  order. 
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Procs3  gives  the  incomplete  procedure  for  printing  out  the  names 
in  the  tree  in  alphabetic  order  and  asks  a  couple  of  questions  about  the 
procedure . 

ProcsU  gives  the  complete  recursive  procedure  for  printing  out 
the  names  in  the  tree  in  alphabetic  order. 

Procs5  illustrates  the  print  procedure  by  showing  what  happens 
at  each  step  when  using  the  procedure  to  print  out  the  five  names  from 
the  tree . 

Addln  draws  a  vertical  line  to  show  the  beginning  of  another 
execution  of  the  print  procedure  in  proc_s5. 

Removeln  removes  a  vertical  line  to  show  the  completion  of  an 
execution  of  the  print  procedure  in  procs5 • 

Procs6  explains  and  illustrates  recursive  procedures  called 
indirectly. 

Gcd  explains  the  operation  of  a  recursive  procedure  that  deter- 
mines the  greatest  common  divisor  of  two  numbers. 

Gcdl  contrasts  the  nonrecursive  procedure  and  the  recursive 
procedure  for  determining  the  greatest  common  divisor  of  two  numbers. 

Option  explains  that  the  major  portion  of  the  lesson  has  been 
completed  and  that  an  optional  section  follows. 

Rsr  explains  the  purpose  of  the  string  writing  exercise. 

Rsrl  gives  the  RSR  programming  language  and  editting  commands 
available  to  the  student.  This  unit  is  easily  accessible  from  the  work- 
page. 
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Rsr2  is  the  workpage . 

Number  numbers  the  lines  on  the  workpage. 

Rerite  reproduces  the  program  that  the  student  has  written 
when  he  returns  to  the  workpage  from  rsrl,  example,  or  exl. 

Edit  checks  to  see  if  the  last  statement  typed  in  by  the 
student  on  the  workpage  is  an  editting  command.   If  it  is,  control  is 
passed  to  the  appropriate  unit  to  process  the  editting  command.   If  it 
is  not  an  editting  command,  the  statement  is  stored  in  memory. 

New  processes  the  editting  command  "new"  by  reinitializing  the 
pointers  that  are  used  in  storing  a  program. 

Clear  erases  two  lines  on  the  workpage  where  comments  are  written. 

Init  processes  the  editting  command  "init"  by  initializing 
the  variable  "n"  to  the  specified  value. 

Delete  processes  the  editting  command  "delete"  by  resetting 
pointers  in  memory  to  point  around  the  deleted  statements  and  then  rewriting 
the  new  program  on  the  workpage . 

Rerite up  rewrites  the  statements  that  were  below  the  deleted 
statements  higher  up  on  the  workpage  to  eliminate  the  space  from  the 
deleted  statements. 

Clear com  erases  a  statement  from  the  workpage. 

Insert  processes  the  editting  command  "insert".   It  makes  space  on 
the  workpage  for  the  statement,  checks  its  legality,  writes  the  new  statement 
on  the  workpage,  and  stores  it  in  memory  with  appropriate  pointer  adjustments 
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Reritedn  moves  a  statement  down  one  line  on  the  workpage. 

Replace  processes  the  editting  command  "replace"  by  providing 
a  place  for  the  new  statement  to  be  written,  checking  its  legality, 
removes  the  old  statement  and  writes  the  new  statement  on  the  workpage, 
and  stores  the  new  statement  in  memory  with  appropriate  pointer  adjustments 

Run  processes  the  editting  command  "run".   It  oversees  the 
interpretive  execution  of  the  student-written  program  by  determining  what 
kind  of  statement  is  to  be  executed,  passing  control  to  the  appropriate 
unit  for  handling  the  statement,  checking  for  invalid  statements,  and 
returning  control  to  edit  when  execution  stops. 

If  handles  "if"  statements.   It  checks  the  condition  and  if  it 
is  true,  then  control  is  passed  back  to  run  to  process  the  next  statement. 
If  the  condition  is  false  then  the  corresponding  "end"  statement  is  found 
and  control  is  returned  to  run  to  process  the  next  statement  after  that 
"end"  statement. 

Print  handles  "print"  statements.   It  prints  out  the  designated 
character  string  at  the  bottom  of  the  workpage  and  returns  control  to  run. 

Call  handles  "call"  statements.   It  stacks  values  used  in  the 
present  execution  and  reinitializes  variables  for  a  new  execution. 

Return  handles  "return"  statements.   It  takes  the  top  set  of 
values  from  the  stack  and  continues  execution  where  these  values  indicate. 

Example  gives  an  example  of  an  RSR  program  and  gives  some 
suggestions  for  strings  that  a  student  might  try  to  produce  with  RSR. 


in  example 


IT 
Exl  gives  the  program  for  one  of  the  suggested  strings 

Allover  explains  that  the  lesson  has  been  completed  and 


what  to  do  next . 

Scratch  provides  the  workspace  for  use  in  fibo. 
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APPENDIX  B 

Examination  for  Evaluation 

The  following  two  pages  contain  the  test  written  for  use  in 
evaluating  the  effectiveness  of  the  lesson  RECURSE .  Below  are  the 
intended  answers  for  the  questions  on  the  test. 

1.  call  to  itself;     test  to  stop  the  recursion 

2.  recursive  part:    Lists 
nonrecursive  part:    atoms 


3-   C)  x.+1  =  3xi  +  a 


k.  B)  tree  B;       C)   tree  C 

5 .  <product>  : :=  <number>  |  <product>  x  <number> 

6.  A)  procedure:   FACT(N) 
7-  B)  nonnumerical  tasks 


6o 


1.   State  the  two  main  properties  that  all  uses  of 
recursion  have . 


2.  A  List  is  defined  as  a  finite  sequence  of  zero  or  more 
atoms  or  Lists.  Fill  in  the  recursive  part  and 
nonrecursive  part  in  the  blanks  below. 


A  List  is  defined  as  a  finite  sequence  of   < 


(Recursive  Part) 
(Nonrecursive  Part) 


3»  Which  of  the  following  is  a  recurrence  relation? 

(A)  x  =  y  +  z   n 
x    /        n   Jn         n-1 

(B)  a  =  b  -  2d 


(C)  x.  .  = 
v  '        l+l 

(D)  None  is 


3xi'+  a 


h.     Which  of  the  following  are  binary  trees,  where  a  binary  tree 
is  a  finite  set  of  nodes  which  is  empty  or  consists  of  a 
root  node  and  two  disjoint  binary  trees?   (Nodes  are 
represented  by  circles  and  arrows  point  to  subtrees  below.) 


(A)   Tree  A 


(B)   Tree  B 


(C)   Tree  C 

1 


(D)   Tree  D 
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5.  Write  the  simplest  BNF  recursive  definition  for  a  product 
in  terms  of  <product>,  <number>,  and  x  only,  where  the 
following  are  examples  of  products: 

<number> 

<number>  x  <number> 

<number>  x  <number>  x  <number> 

<number>  x  <number>  x  <number>  x  <number> 

etc  . 

<product>  : :=  

6.  Which  of  the  following  procedures  is  recursive? 

(A)  PROCEDURE:   FACT(N) 
IF  N  =  1  RETURN(l) 

ELSE  RETURN  (N  *  PACT(N-l)) 

(B)  PROCEDURE:   FACT(N) 
PROD  =  1 

DO  I  =  1  TO  N 

PROD  =  PROD  *  I 

END 
RETURN  (PROD) 

(C)  Both  are  recursive 

(D)  Neither  is  recursive 

7 •  Recursion  is  most  useful  for  programming  which  kind  of  tasks? 

(A)  Numerical  tasks  like  calculating  N  factorial 

(B)  Nonnumerical  tasks  like  manipulating  data  in  a  binary  tree 

(C)  Equally  useful  for  both  kinds  of  tasks 

(D)  Useful  for  neither  kind  of  task 
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